Finally, the general expression for the relation between the \{n -1) large terms and the Euler series, independently of the a/d ratio so long as it is not a whole number, may be recorded, = 3, 5, 7, oo.
Pallasites possess a rem arkable stru c tu re of olivine, enclosed in a sponge or three-dim ensional n e t of nickel iron. S tructures w hich are m ore or less of th is character are obtained in m etallurgy, b u t pallasites cannot have originated in th e sam e w ay, because th e included olivine is less fusible th a n th e m etal, while iron slag is m ore fusible. The stru ctu re o f th e specimens figured can, however, be closely im itated by pouring m olten alloy into a com pact layer of stone fragm ents. The fragm ents used are angular or rounded, according to th e ch aracter o f th e pallasite to be im itated.
Meteorites, as is well known, fall for the most p art into two classes: those consisting mainly of iron, and those consisting mainly of stone. There is, however, an intermediate and much rarer class, of which less has been written. This consists of olivine in a three-dimensional net or sponge of iron. Such meteorites are known as pallasites, from the original example reported of iron from Asiatic Russia, by P. S. Pallas, in 1776.
Pallasites have been classed by Wadsworth (1884, pp. 75-83) with certain terrestrial rocks consisting of magnetite and olivine. The magnetite is considered as a secondary alteration of metallic iron, but, beyond the general resemblance of structure to the meteoric pallasites, no evidence of this is offered. The suggestion has not, so far as I am aware, been taken up by subsequent writers.
As regards the origin of pallasites, very little seems to have been written. Daubree (1879) says th a t they resemble certain metallurgical products. Merrill (1902) considers th a t in the Admire pallasite described by him the iron is of later introduction than the olivine. He seems, if I understand him rightly, to think it probable th a t the iron has been reduced chemically in situ from lawrencite and troilite (1902, p. 11) . The views of Gold schmidt (1922) will be referred to later. Paneth (1940, p. 18) considers th a t 'a complete mixture of the two phases iron and stone m ust have been a preliminary stage. There are many other proofs for the original molten state of iron meteorites, for instance the regularities in the distri bution of rarer chemical elements between the iron, iron sulphide and stone phases can hardly be explained under any other assumption. ' One of the typical pallasites is th a t from Imilac in the desert of Atacama, Chile (Fletcher 1889, p. 243) , of which there is a very large specimen in the British Museum. I purchased many years ago a specimen of this meteorite (see plate 41, no. I) which came from the collection of Mr James R. Gregory, of 88 Charlotte Street, Fitzroy Square, and have often looked a t it and speculated how this curious structure could have come into existence. The simple difficulty which I felt was this-the material was evidently to be classed as an igneous rock; and if it had ever been in a state of fusion, why did it not separate into two layers, iron a t the bottom and stone a t the top? I considered, as Sorby (1864) and Goldschmidt (1922) had done earlier, whether it could have been formed under conditions where gravity was scarcely operative. B ut in such a case the interfaces would be controlled by surface tension, and the structure of my specimen a t any rate did not suggest anything of the kind.
W ith regard to Daubree's remark about similar structures obtained in metallurgical operations, I consulted Dr C. H. Desch, F.R.S., who suggested examining 'puddled ball', which is iron containing slag, and is produced a t one stage in the manufacture of wrought iron.
He kindly procured a specimen for me. The amount of slag contained is usually small compared with what there is in the pallasites. However, on tentatively grinding flats with a carborundum wheel on a number of pieces, one was picked out which more nearly corresponded to these, and the flat surface, after smoothing with fine carborundum, was photographed, using a low-power microscopic objective. The photograph is reproduced, plate 41. no. II, with 13'5-fold magnification. It will be seen th at this magnification brings the structure about up to the coarseness of the meteorite (no. I). Apart from the difference of scale, these structures have some points of resemblance, though the slag particles in the iron are less angular in outline than in the meteorite. It is to be remarked th at the iron is worked into this form in a pasty condition, which explains why it does not separate into a distinct layer.
I have succeeded in producing a similar but much coarser structure using sodium as the metallic component, and paraffin wax as the non-metallic one. The sodium was melted, with a layer of molten paraffin above it, and when partially solidified it was vigorously stirred with an iron rod. On cooling, the mass could be exposed in sections by paring with a knife, and a structure very similar to no. II (plate 41) wras obtained, but much coarser, nearly as coarse as the meteorite itself. This is reproduced in no. I ll, but it is not now thought to have any real bearing on the problem in hand. Paraffin wax is more fusible than sodium, while olivine is much less fusible than iron: thus the above process cannot well represent what happens in the formation of the meteorite. Similarly the slag contained in puddled iron is more fusible than iron, and this apparently comparable case is not really helpful.
The high melting-point of olivine was only realized (with disappointment) after I had spent a good deal of time on the problem. give the melting and solidifying points of various mixtures of Mg2Si04 and Fe2Si04 in the form of curves. These show the temperatures at which solidification begins and is complete as a function of the percentage of Fe2Si04 in the initial mixture.
The olivine from the Pallas meteorite contains Si02 40-24 %, MgO 47-41 %, FeO 11-80 %. This is equivalent to 83 % Mg2Si04 and 16-8 % Fe2Si04. Such a composition should melt completely at 1840° C and solidify completely at 1690° C, according to Bowen and Schairer's curves. The melting-point of iron is 1530° C, and of the nickel iron of the meteorite no doubt some what less, so th at there is an ample margin of certainty in saying that the nickel iron will melt a t a temperature a t which the olivine remains solid.
This being so, it is evidently possible to pour molten iron into a mass of olivine fragments without melting them, and the possibility is opened th at the structure may have arisen thus. I t is a question for experiment how good an imitation of the pallasite can be made in this way. My laboratory is not equipped for casting iron and steel or for slicing hard materials, but it seemed th at a satisfactory experiment could be made without this. Steatite was selected to represent the olivine, and plumber's solder to represent the iron. An iron mould was constructed (see figure 1) consisting of a slightly conical tube of 5 cm. diameter, with flat end-plates clamped on, and a small tube a t the top for
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pouring. This was filled with angular fragments of steatite of various sizes, none of them much larger than a pea, and free from dust. The mould was heated so th at the metal should not be prematurely chilled, and was filled up with the molten solder.
To exhibit the structure, the cylin drical mass was cut up into disks with a hack saw, and these were filed flat. I t was found to be a very satisfactory copy of the structure of the meteorite, as may be seen by comparing the two halves of the composite photograph no. IV (plate 41), which shows how very similar are the shapes and mutual re lations of the fragments as seen in section.
I conclude rather definitely therefore that the structure of the Imilac meteo rite and others like it has arisen in the F ig u r e 1 same way. In the experiment, the particles are prevented from floating up by being packed tight in the mould. In nature we may suppose th at they are held by the pressure of super incumbent material. Fletcher (1896, p. 38 ) remarks th at stony meteorites (he is not here speaking of pallasites) appear to be made up chiefly of irregular angular fragments, and that many of them resemble volcanic tuffs. According to the view here taken the pallasite structure has arisen in a similar way, angular fragments of olivine have become immersed in melted nickel iron, and in this way what may be called a breccia with a metallic cement has been formed.
There is no reason to doubt th at the same result would be obtained with nickel-iron and olivine, and in this way artificial products almost or quite indistinguishable from the pallasite itself might be produced by an experi menter who had the necessary facilities. But it is doubtful whether much more would be learnt from this than from the present experiment. The experiments of this paper were originally inspired by examining a single specimen of a pallasite-the only one conveniently accessible to me. I have since examined another like it-the Eagle Station pallasite-in the Mineralogical Department a t Cambridge. My artificial imitation repro duces this as well or better than it reproduces Imilac. Most of the illustra tions of pallasites which I have seen show very much the same structure; for example, the Brahin figured by Daubree (1879) an<^ one figured by Wadsworth (1884). Others are figured by Merrill (1916) from Ahumada, Chihuahua, Mexico, and from Admire, Lyon Co., Kansas, though no precise information as to scale is given. There appears to be no special reason for doubting th at the conclusions drawn from the Imilac meteorite apply to these also.
Certain other pallasites, in particular the Brenham pallasite (Kunz 1890), no. V (plate 42) and the Springwater pallasite (Nininger 1932), no. VI (plate 42), left-hand half, contain rounded grains of olivine in nickel iron, some of them drop-like. A photograph of the Brenham pallasite is also given by V. M. Goldschmidt (1929) , and he expresses the view th a t the rounded grains of olivine result from drops melted in situ, their shape being deter mined by surface tension in the absence of any strong gravitational field. I have been allowed to examine and photograph specimens of these meteorites in the British Museum (Natural History) and wish to thank Mr F. O. Bannister and Dr M. Hey for their kindness in giving me facilities under the present difficult conditions. I t must, I think, be admitted th at most of these rounded olivine grains are very far from possessing the perfectly spherical form shown, e.g. by the oil drops suspended in a mixture of alcohol and water in Plateau's experiments. If all the sections were perfectly circular, th at would no doubt prove th at the grains were spherical. An occasional circular section does not prove th at the grain in question is spherical, or even th a t it nas a figure of revolution. Consider, for example, an ellipsoidal pebble, and many pebbles approximate to this. Two of the sections of an ellipsoid through the centre are circular, and any sections parallel to them are also circular.
It seemed worth while to try whether the structure of these meteorites could not be successfully imitated by the method used in the case of the Imilac meteorite, substituting pebbles rounded by attrition for the angular fragments th a t were used in th a t case. Angular fragments of steatite of suitable size were mixed with steel hexagon nuts, and put in a box of elongated shape. This box was kept in slow rotation about one of its shorter axes, and the contents which only filled a fraction of it, fell to the opposite end every half-second. About an hour of this reduced the angular frag ments of steatite to a rounded outline. These rounded pieces were packed into the mould as before. Molten solder was poured in, and the casting cut up into slices. One of these is shown in no. VI (plate 42), with the Springwater pallasite for comparison. It would seem th at the essential features are fairly well reproduced in the experiment.
The extent to which the process of rounding the pebbles by attrition is carried is of course arbitrary, and it may be th at it was not carried quite far enough to get the best imitation. My stock of steatite was used up. and several attem pts to get more were unsuccessful. However, it was found th a t chalk was a fairly satisfactory substitute, and fragments of this were rounded by attrition until something like the ultimate approximately ellipsoidal form had been attained. Photograph no. VI (plate 42) shows a casting containing these. They were intentionally packed somewhat loosely in the mould, and the photograph shows how they may sometimes appear isolated in the section without apparent contact with their neighbours. The contacts are of course really in other planes than th at of the section. Their resemblance to Plateau's suspended oil drops is illusory, and the same probably applies to apparently isolated drops in the meteorites. As might be expected, some of the sections are approximately circular.
A point worthy of attention is the distribution of the metal near the point of contact of two rounded grains or pebbles. Melted metals in general, as in the familiar case of mercury, do not wet stone surfaces. Thus the melted metal would not fill up the narrow spaces near the point of contact, and a neck characterized by the absence of metal would apparently join the two rounded pebbles, forming more or less of a dumbell shape. This neck would be originally a cavity, but in cutting the section it gets filled up with debris from the cutting operation. The expected appearance is found in the artificial castings (plate 42, nos. V and VI) and also in the meteorites (nos. V and VI).
I t seems then that the two kinds of pallasites can both be imitated by these methods, using angular fragments for the one and rounded pebbles for the other. The conception of a general fusion of both metal and stone in the absence of a gravitational field* will certainly not help us in the case of the Imilac meteorite and others like it, because angular outlines would not be consistent with this mode of origin. I t seems, therefore, better not to appeal to this hypothesis in the other case either, but to regard the one as a breccia and the other as a conglomerate, each with metallic cement.
My assistant, Mr R. Thompson, has given efficient help in these experi ments. * As a m a tte r of scientific taste, m ost would probably prefer n o t to resort to th e hypothesis th a t gravity was absent unless th ey were compelled. There appears to be positive evidence th a t, in some cases a t least, m eteorites have n o t acquired th eir present structure under th e action of gravity. Merrill (1920) , describing th e C um ber land Falls M eteorite, considers th a t it is composed of d etrital m aterial w hich m u st have been deeply buried and compressed. 'T h is', he says, 'carries w ith it th e su p position th a t th e m eteorite is b u t a spraw l from a very m uch larger m ass....H ow large such a mass m ust be it is impossible to say, b u t th a t it m u st have been of planetary dimensions would seemingly be a safe assum ption.' In teractio n between adsorbed substances of simple constitution and insoluble monolayers. I I B y K e n n e t h G. A. P a n k h u r s t P e n e tra tio n of m onolayers o f alip h atic substances a n d sterols, b y alip h atic alcohols a n d acids o f ch ain len g th from five to eight carbons, is sim ilar to th a t b y th e four-carbon alcohol a n d acid excep t th a t it is m uch m ore pow er ful. p -E th y l phenol p e n e tra te s m u ch m ore th a n phenol. E ach C H 2 group ad d ed to th e h y d ro carb o n ch ain decreases th e co n cen tratio n req u ired for eq u al p e n e tra tio n b y a fa c to r of a b o u t 4-5. T he p e n e tra tio n is, w ith these substances, non-specific, resu ltin g only in a d isru p tio n of th e cohesion o f th e m onolayer.
A single-wire surface balance, sensitive to 0-01 dyne/cm ., is described.
The principal interaction between insoluble monolayers and solutions of phenol, butyric acid and butyl alcohol was shown by Adam, Askew and Pankhurst (1939) to consist in a non-specific penetration of the monolayer by the dissolved substance, with the disruption of its cohesion. There was also some displacement of the adsorbed molecules of the soluble substance from the surface, by the insoluble monolayer; bu t there was no evidence of any specific interaction between the polar groups of the soluble and insoluble substances. In this paper the work is extended to higher homologues of these soluble substances, fatty acids and alcohols up to eight carbon atoms and p-ethyl phenol.
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